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Diaquatetrakis(1,3-di-4-pyridylpropane- 
K-N)manganese(ll) bis(perchlorate) ses- 
quihydrate 



a = 19.0755 (10) A 
b = 15.9409 (9) A 
c = 37.533 (2) A 
V = 11412.9 (11) A 3 
Z = 8 

Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T min = 0.892, r m „ = 0.962 



Mo Ka radiation 
IX = 0.39 mm -1 
T = 293 K 

0.30 x 0.30 x 0.10 mm 



61756 measured reflections 
10065 independent reflections 
6106 reflections with / > 2.a(l) 
R in , = 0.113 
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Key indicators: single-crystal X-ray study; T = 293 K; mean cr(C-C) = 0.005 A; 
disorder in solvent or counterion; R factor = 0.057; wR factor = 0.188; data-to- 
parameter ratio = 14.9. 



In the title complex, [Mn(C 1 3H 1 4N 2 )4(H 2 0) 2 ](C10 4 ) 2 -1.5H 2 0, 
the Mn" ion is coordinated by four N atoms from four 
different l,3-di-4-pyridylpropane molecules and two O atoms 
from two coordinated water molecules, leading to a distorted 
MnN 4 0 2 octahedral geometry. Each l,3-di-4-pyridylpropane 
ligand displays a monodentate coordinating mode. In the 
crystal, there exist O-H- ■ O, O-H- ■ N and C-H- ■ O 
hydrogen bonds. The perchlorate anions and the coordinated 
and lattice water molecules play an important role in the 
formation of these hydrogen bonds. One of the two lattice 
water molecules shows half-occupancy. 

Related literature 

For a related structure, see: Zheng et al. (2007). 



Refinement 

R[F 2 > 2a(F 2 )} = 0.057 
wR(F 2 ) = 0.188 
S = 1.01 

10065 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



676 parameters 

H-atom parameters constrained 
Ap max = 0.66 e A~ 3 
A/> mi „ = -0.47 e A~ 3 
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3.379 (6) 


152 
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0.93 


2.43 
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148 
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0.93 
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Symmetry codes: (i) x — k —y 
-x + l,y +|, -i + 1; (v) -x + 




(ii) x + 1 -y + §, 
-z + 1; (vi) -x -i 


— z; (iii) — x- 
|, y + \, z. 


- |. y + 1, z; (iv) 



Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT 
(Bruker, 2008); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg, 2000); software used to prepare material 
for publication: SHELXTL (Sheldrick, 2008). 
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Experimental 

Crystal data 

[Mn(C 13 H 14 N 2 ) 4 (H 2 0) 2 ](C10 4 ) 2 
1.5H 2 Q 



M r = 1108.94 
Orthorhombic, Pbca 
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Diaquatetrakis(l,3-di-4-pyridylpropane-/dV)manganese(II) bis(perchlorate) sesquihydrate 
H.-W. Kuai and X.-C. Cheng 

Comment 

Flexible compounds, e.g., l,3-di-4-pyridylpropane, are often used as ligands to synthesize complexes for their variable 
conformations. Herein, we report the crystal structure of thr title complex. 

The asymmetric unit of the title complex consists of one manganese ion, four l,3-di-4-pyridylpropane molecules, two 
coordinated water molecules, and sesqui crystallization water molecule. The Mn ion is coordinated by four N atoms from 
four different l,3-di-4-pyridylpropane molecules and two O atoms from two coordinated water molecules, displaying a 
distorted MnN402 octahedral geometry (Fig. 1). Each l,3-di-4-pyridylpropane displays a monodentate coordinating mode. 
In the crystal structure, there exist O — H - O, O — H - N and C — H - 0 hydrogen bonds (Table 1). Perchlorate anions and 
water molecules including coordinated water molecule and lattice water molecule, play very important roles in the formation 
of these hydrogen bonding interactions. 

Experimental 

Reaction mixture of Mn(C104)2.6H20 (72.3 mg, 0.2 mmol), l,3-di-4-pyridylpropane (39.6 mg, 0.2 mmol), 4-((lH- 
benzo[<i]imidazol-l-yl)methyl)benzoic acid (50.4 mg, 0.2 mmol) and potassium hydroxide (11.2 mg, 0.2 mmol) in 12 ml 
H2O was sealed in a 16 ml Teflon-lined stainless steel container and heated to 373 K for 3 days. After cooling to room 
temperature, colorless block crystals of the title complex were obtained. 

Refinement 

The hydrogen atoms bonded to C atoms were located in geometrically idealized positions and constrained to ride on their 
parent atoms, with C — H = 0.93-0.97 A and (7i S0 (H) = 1.2(7 e q(C). The hydrogen atoms of water molecules were located 
from difference Fourier maps and fixed at those positions with (7i S0 (H) = 1.2(7 e q(0). 



Figures 




Fig. 1 . : The coordination environment of manganese ion in the title complex with the ellips- 
oids drawn at the 30% probability level. The hydrogen atoms are omitted for clarity. 
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Diaquatetrakis(1 ,3-di-4-pyridylpropane-KiV)manganese(ll) bis(perchlorate) sesquihydrate 



Crystal data 

[Mn(Ci3Hi4N2)4(H 2 0)2](C104)2-1.5H 2 0 
M r = 1108.94 

Orthorhombic, Pbca 
Hall symbol: -P 2ac 2ab 
a= 19.0755 (10) A 
b= 15.9409 (9) A 
c= 37.533 (2) A 

V= 11412.9 (11) A 3 

Z=8 



F(000) = 4648 

D x = 1.291 MgnT 3 

Mo ifa radiation, X = 0.71073 A 

Cell parameters from 8775 reflections 

6 = 2.3-22.1° 

H = 0.39 mnT 1 
7=293 K 
Block, colorless 
0.30 x 0.30 x 0.10 mm 



Data collection 



Bruker APEXII CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

\|/ and co scans 

Absorption correction: multi-scan 
(SADBAS; Sheldrick, 1996) 
r min = 0.892, T max = 0.962 
61756 measured reflections 



10065 independent reflections 

6106 reflections with / > 2.a(I) 
R mx = 0.113 

Qmax ~~ 25.0 , 6 m i n — 1.5 

h = -22^21 

£ = -15^18 
/= -44^44 



Refinement 

Refinement on 
Least-squares matrix: full 
R[F 2 > loiF 2 )] = 0.057 
wR(F 2 ) = 0.188 
S= 1.01 

10065 reflections 
676 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w= l/[o 2 (Fo 2 ) + (0.1063P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Apmax = 0.66 e A~ 3 
Ap mi „ = -0.47eA- 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
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Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





x 


y 


2 


^ iso ' ^ eq 


n 


0 1 4771 H 




0 1 04SS (\ 0\ 




H1 
1 1 1 


0 167R 


1 06Q4 


0 0Q1 1 


0 077* 
u.u / z, 


C2 


I \jy ~) yiyj 


1 07SS 


0 09917 n 1 ^ 

\i .\i y y ~j 1 111 j 


U .UU 3 3 y 1 1 J 


H7 


0 04Q6 


1 0S88 


(1 (1877 


0 07Q* 

U.U / " 




o oi 1 77 n 


(1 Q707 (71 
\i.y i\i i yz. f 


(1 1 1 Qdf. (QI 
u. 1 1 7\ju yy ) 


0 AS77 ^Q^l 

U.U J A 1 yy j 


C4 


u.wuui yiyj 


0 9735 (71 


0 1447(S (mi 


0 OSSQ CO^ 

U.UJJ7 V.-^/ 


H4 


0 0422 


0.8859 


0 1586 


0 067* 




U.1J ftj ^1 OJ 


(1 Q^7^ (71 


(1 1 48(1S (1 (11 


0 0S47 (Q1 
u.u / yy f 


H5 


0.1599 


0.8994 


0.1651 


0.066* 


P6 


-o 046^7 n qi 


n ofii i ni 


0 1 1 31 S (\ 11 


0 0678 (1 1 1 
u.uu / 0 ^117 


H6A 


-0 0687 


1 0155 


(1 1 1 54 


0 081* 


H6R 


— n 06S6 

U.UUJU 


(1 Q747 


(11^14 


0 081 * 
u.uo 1 


CI 


-n nfi78i n qi 


0 Q747 (71 
/ yz, j 


(1 (17667 (1 1 1 


0 0665 (1 1 1 

U.UUU J V / 


H7 A 


— f) 04S 1 


0 Q67"* 

U.7UZJ 


0 (1S8A 

U.U jot 


0 080* 
u.uou 


H7B 


-n 038Q 


0.8714 


0.0741 


0 080* 




u. i jy j yz. f 


n qi 7 1 ni 


(1 (171 1 8 (1 71 
u.u / 110 yLzj 


0 0887 (1 SI 
u.uooz. ^ 1 J f 


H8A 


-0.1623 


0.9664 


0.0723 


0.106* 


HSR 


— (1 1 S7^ 


(1 8787 

U.O / O / 


(1 (1Q(18 
U.U7U0 


0 1 06* 
u. 1 uu 


CQ 


— 0 1 6(158 (1 QI 
u.iuujo yiyj 


(1 86Q8 (71 

u.ouyo yzi 


(1 (13651 (1(11 


0 0606 (1 01 

U.UUUU ^1UI 


no 


— 0 1 705 (7 s ! 


0 8773 (31 


(1 (1(15Q8 (1 71 


0 0787 (1 31 

U.U / OZ ^ 1 J J 


hio 

STL lu 


— 0 0778 
u.u / / o 


0 qoos 


(1 (1(161 
u.uuu 1 


0 004* 




-0 1 437 (71 


(1 8335 (31 
\j.ojj j yj j 


-(1 (17461 (1 71 


0 0871 (1 31 


H1 1 


— (1 1 1 4.S 


0 8^sn 

U.o J JU 


—(1 (1446 


0 OQQ* 


C12 


-f) 7414 (71 


n 79f)f) (31 
u. 1 y\j\j \~j ) 


(1 00797 (1 71 


0 071 7 (1 1 1 

U .U / L y L L J 


H1 7 


_0 7R17 


0 If] 0 

U. / U1U 


U.UUZj 


U.UO J 


n 3 


—0 771 76 n 0^ 

U.ZZ1ZU ^ 17 ) 


ft R761 f7^ 

U.OZU1 \^-) 


0 014S4 ^1 1 ~i 


0 Of,?.! (}0\ 


rll J 


—0 74Q4 


0 87H4 




0 01 f* 
U.U /o 


C14 


0.24921 (19) 


1.0441 (2) 


0.21075 (9) 


0.0538 (9) 


H14 


0.2154 


1.0733 


0.1979 


0.065* 


C15 


0.2552 (2) 


1.0593 (2) 


0.24677 (10) 


0.0580 (9) 


H15 


0.2262 


1.0987 


0.2576 


0.070* 


C16 


0.30397 (19) 


1.0168 (2) 


0.26680 (9) 


0.0544 (9) 


C17 


0.3431 (2) 


0.9564 (2) 


0.24916(9) 


0.0549 (9) 


H17 


0.3747 


0.9234 


0.2618 


0.066* 


C18 


0.3351 (2) 


0.9453 (2) 


0.21296(9) 


0.0531 (9) 


H18 


0.3628 


0.9053 


0.2016 


0.064* 


C19 


0.3159(2) 


1.0358 (3) 


0.30553 (9) 


0.0697 (11) 


H19A 


0.3308 


0.9852 


0.3177 


0.084* 


H19B 


0.2722 


1.0541 


0.3162 


0.084* 


C20 


0.3716(2) 


1.1043 (3) 


0.31056 (10) 


0.0715 (12) 



sup-3 



supplementary materials 



riZUA 


U.3ju3 


1 1 C/l c 

1. 1 j4j 


A 7A07 

u.zysz 


LJO AD 


A 1*7/1 A 

u.3 /4y 


111 

1.11 lb 


A 11C7 

U.33j / 


CZ1 


A /I /II 1 /">\ 

U.4431 (Z) 


1 A OA*7 f1\ 

l.UsU / (3) 


a tmi/i f \ a\ 
U.Zy /Z4 (1U) 


II-) 1 A 

riZl A 


A. /I /1 1 7 

U.441Z 


1 A"7££ 
l.U /DO 


A 771 C 

U.Z / 1 J 


TJO 1 ID 

hlZlB 


A AQ AC 

U.4Mo 


1 ATC C 


A 1 r\/z A 

U.3Uo4 


L-ZZ 


A CA 1 0 /">\ 

U.jUIo (Z) 


1 1 /IAC /">\ 

1.1 4Uj \1) 


A 1 A7 I O /I A\ 
U.3U/15 (1UJ 


Cz3 


a caa/i /">\ 
U.DUV4 (Z) 


1 1 *7AA /">\ 
1.1 /UU (Z) 


A "5 A 1 1 A /1 A\ 

U.341 1U (1U) 


rlZJ 


U.4 1 IK) 


1 1 ^^/l 

1. 1 jj4 


A 1COC 

U.3 joj 


C24 


U.!)o!)3 (Z) 


I.ZZIj (Z) 


A 1/1AC1 /1 1\ 

U.34y!)3 (11) 


1 1 -> i 

rlZ4 


U. jdVo 


1 OIQ^ 


A 171A 
U.3 /3U 


CZZ) 


U.oUio (Z) 


l.ZZUZ (3) 


A OA1A/I /1 1\ 

U.Zy3U4 (1Z) 


rlZj 


A £1 ^1 

U.o3 jZ 


1 OIOO 

l.Z3oZ 


A 77C7 

U.Z / j / 


CZo 


a 1 /1 a\ 
U.ZOU31 {[y) 


1.10/4 (3) 


A TOT7A /1 A\ 

u.zoz /y (iu) 


rlZo 


A C/1 7 1 

U.D4 / 1 


1 1 CAA 

1. 1 jUU 


A 7CA7 

u.zjyz 


cz / 


a /i cacq (\ o\ 


1 A1 1 A (")\ 

1.U31U (Z) 


A 1 C7Q7 (\ C\\ 

u.o/y / (iuj 


I I ") "7 

hlZ / 


a /inn 
U.4Z /U 


1 A*71 C 

l.U 15 j 


a 1 /rnn 

u. loyy 


CZo 


A C7 1 1 /">\ 

U.DZ13 (Z) 


1 ATA1 i1\ 

1.UZU1 \5) 


A 1 £/1 CO (\ \ \ 

u.io4jy (iij 




A CI /I A 

U.M4U 


1 A C C 1 


A 1 QA£ 

U.loUo 


czy 


A CCOA£ (\ Qi\ 

u. jjouo (iy) 


A /^1"\ 

u.yjo4 \ j ) 


A 1 /17Q1 (\\\ 

U. 14 /y3 (11) 


C3U 


A CI 1 £ /">\ 

U.jZIo (Z) 


A AAAA /QA 

u.yuyy (3) 


A 1 11 /I A ^1 1 \ 

U. lZ34y (11) 


hl3U 


A C/1 /1 1 

U.M43 


U.oo/o 


A 1 1 1 A 

U.ll 1U 


C3 1 


A A CAQQ /I A\ 

u.4jUoy (iy) 


u.yzju (zj 


A 1 1 700 (\ r\\ 
U.ll /oo (1U) 


hl31 


a /in* 
U.4Z lz> 




A 1 A 1 A 
U.1U1U 


C3z 


U.oiio (Z) 


A A/I A 1 

U.y4Ul (3) 


A 1 C£A/i /1 1\ 

U.l joUo (1Z) 


ri3ZA 


A £C7 1 


u.yyio 


A 1 /^7 0 

U. loZo 




A CZCA 


A A 1 O A 

u.y l54 


A 1 1 /I A 

U.134y 


Loo 


A £/1A1 ^7\ 

U.04U3 (Z) 


A 07/1 O ( A\ 

U.o /4o (4j 


a 1 o/^m /'i /i\ 
U.looyZ (14) 


U11 A 

ri33A 


a ^ 1 A7 

u.oiyz 


A OT>7 

U.5ZZ / 


A 1 70A 

U. 1 l<$y 




A £OAO 


A O/i'l O 

U.oo3o 


A 1 AA/i 

u.iyuo 


r^i/i 
C34 


A £1 AO (1\ 

u.oiuy (3 ) 


U.oyj4 (4J 


A 7 1 Q77 (\ A\ 

u.ziy ii (14) 


hl34 


A CO£A 

U.jooU 


A A/I /I *7 

U.y44 / 


U.ZZ3o 


r^i c 


a ^717 /">\ 
U.0Z3Z (Z) 


a oinc (i\ 
U.oZyo \5 ) 


A 7/1 07A (\ C\\ 

U.Z4o /U (1U) 


C3o 


A C/CO 1 /">\ 

U.Dool (Z) 


U. /y3o yl) 


a i/c/:nn /1 1 \ 

u.zooyu (ii) 


II')/' 


a cm 
U.jZZZ 


A QAC1 


A 7/^A 1 

U.ZoUl 


C3 / 


A COAA /">\ 

U.joUy (Z) 


A *7/IA/i /">\ 

U. /4Uo yl) 


A OACA*7 f\ A\ 

u.zy!>u / (iu) 


un 


A C/1 0 0 


A 7 1 7 1 
U. / 1 / 1 


U.3U05 


r^i o 
C3o 


U.OV /D (Z) 


U. / JJ / (Z) 


A TOOCI C\ A\ 

U.Zoo!)3 (1U) 


trie 


A 7/11A 
U. /43U 


A 7/111 

U. /433 


A 7QCO 

u.zyjo 


Civ 


a /;oai C\ A\ 
U.ooVio (IV) 


U.oUo / (3) 


A O CAAA n 1 \ 

u.z!>yyy (i i) 


hioy 


U. / Zo J 


A 01A7 

U.o3UZ 


A 7/1 01 

U.Z4&3 


C4U 


A 1CA/1 

U.3jU4 (Zj 


1 A/1 1 /I 

1.U414 \L) 


A AC/^77 /'I A\ 

U.UjoZZ (1U) 


TT/I A 

hl4U 


a noo 
U.3 /oo 


1 A*7/l *7 
l.U /4 / 


A A*7A/i 

U.U /Uo 


U41 


A 1/^ A 1 /">\ 

U.ooUl (ZJ 


1 A/1/11 /'TA 

1.U443 (Z) 


A A7A7 O /'I A\ 

U.UZUZ5 (1U) 


H41 


0.3946 


1.0792 


0.0109 


C42 


0.3198 (2) 


0.9966 (2) 


-0.00230 (9) 


C43 


0.2689 (2) 


0.9476 (2) 


0.01370 (10) 


H43 


0.2391 


0.9152 


-0.0003 


C44 


0.2621 (2) 


0.9468 (2) 


0.05040 (9) 


H44 


0.2282 


0.9123 


0.0605 



0.086* 
0.086* 
0.0681 (11) 
0.082* 
0.082* 
0.0579 (9) 
0.0688 (11) 
0.083* 
0.0688 (11) 
0.083* 
0.0686 (11) 
0.082* 
0.0644 (10) 
0.077* 
0.0602 (10) 
0.072* 
0.0676 (11) 
0.081* 
0.0632 (11) 
0.0653 (11) 
0.078* 
0.0574 (9) 
0.069* 
0.0893 (15) 
0.107* 
0.107* 
0.126 (2) 
0.151* 
0.151* 
0.1048 (17) 
0.126* 
0.0683 (11) 
0.0674(11) 
0.081* 
0.0597 (10) 
0.072* 
0.0579 (10) 
0.069* 
0.0680 (11) 
0.082* 
0.0584 (9) 
0.070* 
0.0649 (10) 
0.078* 
0.0570 (10) 
0.0623 (10) 
0.075* 
0.0560 (9) 
0.067* 



sup-4 



supplementary materials 



/~M C 

C43 


n ii ] a fi\ 
U. 33 14 (3) 


a nn*70 /i\ 
U.yy 11 (3) 


A A A 1 0*7 

— u.U4io / (y) 


A A*7AA ( 1 1\ 
U.U /yU (13) 




I I 1 c A 

ri43A 


A 11 A 1 

U.334 / 


1 AC A 0 

1.UD46 


A ACAA 

— U.U3UU 


A AAC* 

u.uyj^ 




i i i co 


a on 1 /i 

u.zy 14 


a n*7i 

u.y /io 


A A CI C 

-U.U333 


A AOC* 

u.uy3^ 




C4o 


a 10*71 /o\ 
U.3y 15 yl) 


A OCA/i 

U.yDUo yl) 


A ACO C£ /I 1 \ 

-U.U3Z30 (11) 


A A*7C7 0\ 
U.U /3 / (1Z) 




i i i /: a 

ri4oA 


A /iac7 
U.4U 3 1 


a ncftc 

u.yjyo 


A A777 

— U.U / / / 


A AA1 * 

u.uy i 






U.430 / 


A 07/lA 

u.y /4u 


A A1G£ 

u.U3yo 


A AQ1 * 

u.uy i 






a ic\a i 
U.3V43 yl) 


A OCT/1 /OA 
U.OD /4 {I) 


AA/IC/iO /I 1 \ 

— U.U430O (11) 


A A"7A£ / 1 1 \ 

U.U /Uo (11) 




TT/1 7 A 


a iccn 
U.33 jy 


U.S334 


A ACQ7 

u.u3yz 


A A8C* 
U.Uo3 




I I .1 "7 T") 

hl4 id 


a i ocn 
U.353U 


A QA1Q 

U.o4 /o 


A AOA£ 

U .UZUo 


A AOC* 




C^A 8 
C4o 


A Af\ \ Si A C\Q\ 
U.4olo4 {iy) 


A 8 1 18 /'OA 

U.ol3o [Z) 


A ACC8Q (\ (\\ 
U.U33oy (1U) 


A ACC/1 

U.U334 (y ) 




C4V 


a ca^a /o\ 
U.3UoU yl) 


U. /oU4 yl) 


A A1 A*7fl ( 1 A\ 

-U.U3U /y (iu) 


A {\£~1 £ ( 1 A\ 

U.Uo3o (IU) 




rl4y 


A /I Al 0 


A "7801 

U. /oZ3 


A AA/^O 

— U.UUoo 


U.U /o* 




C3U 


a c/co 1 /o\ 
U.3061 yl) 


A 7/1 /ll /1\ 

U. /44Z (3) 


A A/1AOC ( A 1\ 

-U.U4US3 (11) 


u.uoy / (ii) 




hl3U 


a ca/^ 


A TO 1 A 
U. /Z1U 


A A711 

— U.UZ33 


A AO/1 * 

U.Uo4^ 




C3 1 


u.34oy yl) 


U. / /Zo yl) 


A AQ8GA (\ 1 ^ 

— u.uyoyu (ii) 


A A£/l 7 /'I A^ 

U.Uo4 / (IU) 




I I C 1 

ri3l 


U.joUo 


A "7*7 A A 

u. / /uy 


A 1 777 


A A70* 

U.U /o 




C3Z 


A /I Q1 8 fi\ 

U.4oio yl) 


U.oUoo yl) 


A AAAOl ( 1 C\\ 

— u.uyuo3 (iu) 


A A/i/i A 1 A\ 

U.UooU (IU) 




I TC") 

ri3Z 


U.433 3 


A 80QC 

u.ozyj 


A 1 AAA 

— u.iuyu 


A A7Q* 

U.U /y* 




1 

di 


U.35y4y yo ) 


A 7A11 1 (\ 1"\ 

U. /U33 1 (^1 1J 


A A£7 1 Q (X\ 

u.uoziy (3 ) 


A 1 A/1 1 f C^ 
U.1U41 (3 ) 




Ciz 


a o/: i -7/1 //:\ 

U.ool /4 (o) 


A "7/1AC/1 ^A\ 

u. /4yj4 (y ) 


A 18777 ^1\ 
U. loZ / / (3) 


A A8 1 A ( A\ 

U.Uol4 (4 ) 




y n i 


A 7Q/1 11 f1\ 


U.yo / j j y3 ) 


A 1 17^71 (\ 1\ 

U. 13Zu /3 (1Z) 


A A/1 1 £Q (\ 1\ 

u.U4ioy (i /) 




IN 1 


a 1 1/:-*/: (\ c\ 
U. 1 /OZo (l->) 


A Q8/1 81 /1 7^ 

u.yo4oi yi / ) 


A 1 78Q/1 fl\ 

u. izoy4 ( /) 


A A/178 (1\ 
U.U4 /o ( /) 




XT') 
JNZ 


u.zoyoz (14) 


A Q8Q7Q /^1 

u.yoyzy yio) 


A 1 Q118 (1\ 
U. iy335 ( /) 


A A/177 ^7"\ 

u.U4 1 1 yl) 




JN3 


A /] 1 /] OA /I C\ 

U.414&U (l->) 


A Q8178 ^1 7\ 

U.yo3Zo (,1 /J 


A 1 1C7C ^7\ 
U. 133Z3 (/) 


A A/107 ^'7^ 

u.u4yz ( /) 




M/l 
IN 4 


A 1A7A8 / 1 C\ 

U.3UZU5 (13) 


A QQ1 1 C (\ &\ 

u.yy3 1 j (loj 


A A71 Q7 (1\ 

u.u / iy / (/) 


A A/187 ^7"\ 
U.U45 / ( /) 




MC 

IN J 


a 7A1Q8 (\ Q\ 

u.zu3yo (iy) 


A 70/1 1 (^\ 

U. /y41 yl) 


A A7£8 1 (Q\ 

u.uzooi (y) 


A A71A /^QA 

U.U /3U (y) 




JNo 


A £.\ TOO ^1 0\ 

u.oizyy (io) 


1.Z40D1 (loj 


A 1 7C7A (\ C\\ 

U.3Z3 /y (iu) 


A A/i/1 7 (Ci\ 

u.uo4z (y ) 




JN / 


A £A COO /'I 7\ 

U.043ZZ (1 /J 


A 70 1 i /: /i o\ 
U. /Zl lo (lo) 


A IA/^17 fQ\ 

U.3Uo3 / (o) 


A AC/^C (Q\ 

U.U303 (o ) 




\TO 

JNo 


a COQ7/; /i o\ 
U. joy /O (lo) 


A 7/1AC 

U. /4Uj yl) 


A A7/1 (Q\ 

u.u /4oo (y) 


A A£77 fQ\ 

u.uo ii (y ) 




<Jl 


A ^7A1 {C\ 
U.0ZU3 yj ) 


A ^/1Q1 //1A 

U.o4yi (4) 


A A18/1 £> (\ C^ 
U.U3o4o (13) 


A 7^^ (A\ 
U.ZOO (4 ) 




Ul 


u. jiyo {j ) 


A £ CiA 7 fZ\ 

U.oy4Z yj ) 


A C\£.A 8/1 H C\ 

U.Uo4o4 (13) 


A 77C (1\ 

\J.11d (3 ) 




c\i 
<J3 


U.oUZ / \1) 


A 787C f1\ 

U. /oZj (3 J 


A A/1 8 8A (\ ">\ 

U.U4ooy (1Z) 


A 1/17A 

u.i4 /y (10) 




C\A 

<J4 


A £.1 (1\ 

U.olo3 \5) 


A /^Q1 7 

u.oyi / [p) 


A AA/i 11 (\ 1 \ 

u.uyoi3 (ii) 


A 71A f1\ 

U.Z3U (3 ) 




Uj 


A OOIA ( £\ 
U.553U (o) 


U.o /oU ( j) 


A 1 OAO ( A\ 

u.iyuz (4) 


A 10£ /"7\ 

U.3oo (/) 




Uo 


A Ol & A 

U.o3oU (j) 


A "7 CI 1 

U. /!)31 (y) 


A 1 COl 0\ 

U.13Z3 yl) 


A A AO ZO\ 

U.4UZ (o) 




U / 


U.yio4 (3 J 


A 7Q8 1 

u. /yoi (o) 


a 1 ec/i (i\ 
U. lo34 yl) 


A 7 8C /'/lA 
U.Zo3 (4 ) 




Uo 


A O 1 1 *7 ( A \ 

U.ol3 / (4) 


A H£A O /C\ 

U. /o4o yj) 


A OAC1 

U.ZU33 yl) 


A OOl fA\ 

U.Zo3 (4) 




oi w 


A 1ft' C\A /1 1 \ 

U.ZyDy4 (1 1) 


A OC1CO /11\ 

U.ojIjZ (13) 


A 11CAO (£\ 

U.133U5 (o) 


A ACOfl f£\ 

U.U3Zy (0) 




1 1 1 vv 


A 1 1 A 1 

U.31U1 


A 8 1 Q 1 

u.oiy i 


A 1 CA 1 

U. 13U1 


A A/^1 * 

U.Uo3 




I I 1 TT J \ 

HI WA 


A OOI *7 


A OOOO 

U.oZZZ 


a 1 1 on 
U.lloy 


U.Uo3* 




ozw 


u.zy /M (iz) 


1.1Z4ZO (13) 


A 1 1*7AC /C\ 

U. 13 /U3 (3) 


A AC 1 O (£\ 

U.U3lo (o) 




rlZW 


U.31oj 


1 1 CC8 
1. 1335 


A 1 CI 1 

U. 133 1 


A A£0* 

U.UoZ^ 




TUOYI7 A 


A OOO/l 

u.z&y4 


1 1 £0 1 

1 . 1 ol 1 


A 1 7 1 O 

U. IZlo 


A A/^O* 

U.UoZ* 




03W 


0.23088 (12) 


0.74826 (13) 


0.08930 (6) 


0.0526 (6) 




H3W 


0.2567 


0.7409 


0.0700 


0.063* 




H3WA 


0.1848 


0.7636 


0.0858 


0.063* 




04W 


0.7562 (4) 


0.6184 (6) 


0.1121 (2) 


0.130 (3) 


0.50 


H4WA 


0.7719 


0.6680 


0.1096 


0.156* 


0.50 


H4W 


0.7137 


0.6182 


0.1055 


0.156* 


0.50 



sup-5 



supplementary materials 



Atomic displacement parameters (A 2 ) 





U 


TT 22 
U 


U 


U 


U 


U 


CI 


a a a o /"O 1 * 

0.048 (2) 


A AC/C /A~\ 

0.056 (2) 


A AT c n\ 

0.075 (3) 


A AAA/C /1 1\ 

0.0006 (17) 


A AAO"7 / 1 (A 

-0.0087 (19) 


A A 1 /C /A\ 

0.016 (2) 


C2 


a act /t \ 

0.052 (2) 


0.072 (3) 


A ATI /T \ 

0.072 (3) 


A AA/' /T\ 

0.006 (2) 


A A 1 T \ 

-0.013 (2) 


A ATA /T\ 

0.020 (2) 


C3 


a a a a /t \ 

0.049 (2) 


0.055 (2) 


0.055 (2) 


A AAA1 ( 1 0\ 

-0.0003 (18) 


A f\f\ A1 ( 1 0\ 

-0.0047 (18) 


A AA"7A ( 1 0\ 

-0.0070 (18) 


C4 


f\ ATA /1\ 

0.059 (2) 


0.051 (2) 


A A C O /T\ 

0.058 (2) 


A A A C z' / 1 0\ 

-0.0056 (18) 


A AA CI / 1 A\ 

-0.0051 (19) 


A A A 11 / 1 0\ 

0.0011 (18) 


r^c 

C5 


U.Udz (2) 


0.052 (2) 


A A/CA /'"^ 

O.OoO (2) 


A AAA*7 /1 *7^ 

0.0007 (17) 


A AA 0*7 ("1 0\ 

-0.008/ (18) 


A A1 1A /1 o^ 

0.01 10 (18) 


C6 


0.049 (2) 


0.085 (3) 


A A "7 A /T \ 

0.070 (2) 


A AA/' /' O \ 

-0.006 (2) 


-0.012 (2) 


A AA"7 C\\ 

-0.007 (2) 


C7 


0.052 (2) 


0.061 (2) 


A AO/' /I \ 

0.086 (3) 


A AA 1 A ( 1 A\ 

-0.0010 (19) 


A A 1 O 1 ^\ \ 

-0.018 (2) 


A AA"7 

-0.007 (2) 


C8 


A AfO /T \ 

0.058 (3) 


0.116 (4) 


A AAA /T \ 

0.090 (3) 


A AA /I 

-0.004 (2) 


a a i r /t\ 

-0.016 (2) 


A AT C /T \ 

-0.025 (3) 


C9 


O.OM (2) 


r\ A/CO f}\ 

O.Ooo (3) 


A A/I A /'"^ 

O.OoO (2) 


A AAC 

0.005 (2) 


A A 1 A *7 ( 1 A\ 

-0.014/ (19) 


A AA/1 /'T^ 

0.004 (2) 


CIO 


0.067 (3) 


a r\c\ 1 /"i \ 

0.091 (3) 


A A "7 "7 i"l \ 

0.077 (3) 


A A^ 1 /' ^ \ 

-0.021 (2) 


A A 1 "I \ 

-0.017 (2) 


a Ai r /T\ 

0.015 (3) 


CI 1 


A ATI n\ 

0.072 (3) 


A 111 t A \ 

0.111 (4) 


a a/;i 

0.063 (3) 


A AA/1 

-0.004 (3) 


A A 1 1 ZO\ 

-0.011 (2) 


A A^> A 

0.024 (3) 


/in 

C12 


a a/; a /"O 1 * 

0.060 (2) 


0.077 (3) 


A AT7 \ 

0.077 (3) 


a aa/i 
-0.004 (2) 


A AAO 

-0.008 (2) 


A AA"7 t"\\ 

-0.007 (2) 


C13 


A AC C /"O 1 * 

0.055 (2) 


a A/;/; /">\ 
0.066 (2) 


A A"7A n\ 

0.0 /0 (3) 


A AA 1 /^»\ 

0.001 (2) 


A AA/1 

-0.004 (2) 


-0.00 / (2) 


C14 


a a c "7 /t \ 

0.057 (2) 


0.054 (2) 


A A C A /T \ 

0.050 (2) 


A AA 11 / 1 ON 

-0.0011 (18) 


A AAC7 ( 1 0\ 

-0.0057 (18) 


A AAAA / 1 O \ 

0.0000 (18) 


C15 


a Acn 

0.059 (2) 


A ACO t"\\ 

0.058 (2) 


a ac/c /A~\ 

0.056 (2) 


a AA"7n / 1 n\ 

-0.0079 (19) 


A AAC"7 / 1 

0.0057 (19) 


A AAO "7 / 1 A^ 

-0.0087 (19) 


1 /; 

C16 


A AC A /A\ 

0.059 (2) 


A A/C 1 

0.061 (2) 


A A /I T T / 1 A~\ 

0.0433 (19) 


A m "7 C / 1 A\ 

-0.0275 (19) 


A AAn /I H\ 

-0.0027 (17) 


A AAT O /101 

0.0038 (18) 


C17 


0.064 (2) 


0.049 (2) 


0.051 (2) 


A AAAA / 1 OA 

-0.0090 (18) 


A A 1 f O / 1 A\ 

-0.0168 (19) 


A AA/'A ( 1 0\ 

0.0069 (18) 


C18 


0.069 (2) 


a a a t f<~\\ 

0.042 (2) 


A A A O 

0.048 (2) 


A AAAO ( 1 "T"\ 

-0.0008 (17) 


-0.0135 (19) 


A AAAT / 1 f \ 

-0.0002 (16) 


C19 


0.069 (3) 


0.096 (3) 


A A A A /^ \ 

0.044 (2) 


A ATA 0\ 

-0.030 (2) 


A AA n /I A\ 

0.0012 (19) 


A AAC /T\ 

-0.005 (2) 


C20 


0.0 /3 (3) 


A AO *7 /T\ 

0.08 / (3) 


A AC C /T\ 

0.055 (2) 


A ATA /'"^ 

-0.020 (2) 


A AA*7 /''>^ 

-0.007 (2) 


A ATA 

-0.020 (2) 


C21 


a mi /i \ 

0.073 (3) 


0.073 (3) 


A A C A \ 

0.059 (2) 


-0.025 (2) 


A AA 1 1 ^\ \ 

-0.001 (2) 


f~\ f~\1 A /T\ 

-0.014 (2) 


C22 


a r\ /" /i /T \ 

0.064 (2) 


A fi C A /T\ 

0.054 (2) 


0.056 (2) 


A A 1 z' A /I A\ 

-0.0164 (19) 


A AAAA / 1 rY\ 

-0.0099 (19) 


A AA A A ( 1 0\ 

-0.0044 (18) 


C23 


f\ Aor /t \ 

0.085 (3) 


0.065 (3) 


A AC7 

0.057 (2) 


-0.028 (2) 


A A/11 /1\ 

-0.002 (2) 


A AAT /T\ 

-0.007 (2) 


C24 


A AAT 

0.092 (3) 


a ac*7 /'T^ 
0.0D / (2) 


A A C O /1\ 

O.Odo (2) 


A A 1 O f}\ 

-O.Olo (2) 


A A 1 *7 /'>\ 

-0.01 / (2) 


A AA*7 

-0.00 / (2) 


C25 


0.061 (2) 


A A"7T i"l \ 

0.072 (3) 


A ATI /") \ 

0.072 (3) 


-0.014 (2) 


A AA 1 1 ^\ \ 

-0.001 (2) 


A AA 1 /T\ 

0.001 (2) 


C26 


A AC A /"O 1 * 

0.059 (2) 


0.077 (3) 


A AC "7 

0.057 (2) 


A A 1 "7 /1\ 

-0.017 (2) 


a nn£i /1 a\ 

-0.0062 (19) 


A A 1 "t /1\ 

-0.012 (2) 


C27 


0.059 (2) 


a a /i r ew 

0.046 (2) 


0.076 (3) 


A A A A A / 1 OA 

-0.0040 (18) 


A A 1 A /1\ 

-0.019 (2) 


A AAT/' /1A\ 

0.0026 (19) 


C28 


O.Ooo (3) 


A ACC /T\ 

0.055 (2) 


A AO 1 /T\ 
0.081 (3) 


a a 1 a 
-O.Olv (2) 


a m /i /'>^ 
-0.024 (2) 


A AT 1 

0.021 (2) 


C29 


A A A O /T\ 

0.048 (2) 


0.074 (3) 


A A /CO /A"\ 

0.068 (2) 


a aa*7 

-0.007 (2) 


A AAC /■'TA 

-0.005 (2) 


A A/1A /'T^ 

0.040 (2) 


C30 


a ac a t*>\ 

0.059 (2) 


A A"7A 

0.070 (3) 


A A/c/; 

0.066 (2) 


A A 1 C 

0.015 (2) 


A AAA /A~\ 

0.009 (2) 


A A 1 A /"^»\ 

0.019 (2) 


C31 


A AC/I t"\\ 

0.056 (2) 


A ACO /A\ 

0.058 (2) 


A ACH 

0.059 (2) 


A AAAA /1 A\ 

0.0009 (19) 


A AA /I 1 /1 A\ 

-0.0041 (19) 


A AAA/C /1 A~\ 

0.0006 (19) 


C32 


a a rn / o \ 

0.050 (2) 


0.125 (4) 


A AAT /1\ 

0.093 (3) 


A AA /I /T\ 

-0.004 (2) 


A AAT /1\ 

-0.002 (2) 


A A/'A /T\ 

0.060 (3) 


C33 


0.061 (3) 


0.216 (7) 


A 1 A A ( A \ 

0.100 (4) 


a (in / a \ 

0.051 (4) 


A A AT i") \ 

0.002 (3) 


A A"7 1 / /I \ 

0.071 (4) 


C34 


f\ AA C / A \ 

0.095 (4) 


0.125 (4) 


A AA C / A\ 

0.095 (4) 


A AT "7 /T \ 

0.037 (3) 


A AAT /T\ 

-0.002 (3) 


A A A A /T \ 

0.040 (3) 


/—II c 

C35 


A AC "7 f r )\ 

0.05 / (2) 


A AOA i 

0.0a0 (3) 


A A /; o 
0.066 (2) 


A AAA /TX 

0.000 (2) 


a aa~7 /'^^ 
-0.00 / (2) 


0.029 (2) 


C36 


0.054 (2) 


0.071 (3) 


0.077 (3) 


-0.002 (2) 


-0.015 (2) 


0.016 (2) 


C37 


0.058 (2) 


0.061 (2) 


0.061 (2) 


0.0013 (19) 


-0.0011 (19) 


0.0071 (19) 


C38 


0.052 (2) 


0.058 (2) 


0.064 (2) 


0.0068 (18) 


-0.0157 (19) 


0.0024 (19) 


C39 


0.051 (2) 


0.082 (3) 


0.072 (3) 


-0.001 (2) 


-0.004 (2) 


0.023 (2) 


C40 


0.069 (2) 


0.047 (2) 


0.060 (2) 


-0.0074 (19) 


-0.003 (2) 


-0.0025 (18) 


C41 


0.078 (3) 


0.054 (2) 


0.063 (2) 


-0.005 (2) 


0.013 (2) 


0.005 (2) 


C42 


0.080 (3) 


0.046 (2) 


0.045 (2) 


0.018(2) 


-0.0022 (19) 


0.0020 (17) 


C43 


0.082 (3) 


0.053 (2) 


0.052 (2) 


-0.003 (2) 


-0.016 (2) 


-0.0100(19) 


C44 


0.070 (2) 


0.048 (2) 


0.050 (2) 


-0.0076 (18) 


-0.0087 (19) 


-0.0004 (17) 



sup-6 



supplementary materials 



f^A ^ 

C4j 


f\ (a \ 
U.IZj (4 J 


A A/C1 f1\ 

U.Uo3 yj ) 


A A /Ifl /^7\ 

U.U4v yZ ) 


A AT 1 S1\ 

U.U31 (3) 


A AAC ^7\ 

U.UUj yZ ) 


A AAC C ( 1 fl\ 

u.uuoj (iyj 


f^A /C 

C4o 


U.lUy (3 ) 


U.Ujy yZ) 


A A/CA /^7\ 

U.UoU yZ ) 


A AA 1 /^7\ 

— U.UU1 yZ) 


A A 7 /I /'7\ 

U.UZ4 (Z J 


A A 1 A 0\ 

U.U1U yZ) 


C^A 7 


U.U / / \p) 


A nC/C /7\ 

U.Ujo yZ) 


A A7Q S1\ 

u.u /y (3 j 


A AA7 /^7\ 

U.UUZ (ZJ 


A A 1 7 

U.U1 / yZ) 


A AI 1 /7\ 

U.U1 1 yZ ) 


C4o 


U.Uoj yZ ) 


U.U44 yZ) 


A A c 7 /7\ 

U.UD / yZ) 


A AACQ (\ Q\ 

u.uujy yio) 


A AAO/1 /^l Q\ 

U.UUo4 yly) 


A AA77 (\ n\ 
U.UUZ / yY 1) 


/"VI G 


a r\H a (1\ 

U.U /4 (3 ) 


A A7 1 f1\ 

U.U / 1 (3 J 


A A A ^7 \ 

U.U40 yZ ) 


A AAfl 

— u.uuy (z ) 


A A 1 1 /^7\ 

U.U1 1 yZ) 


A AA1 1 t \ Ci\ 

— u.uu3i (iyj 


LoU 


a A/C/C fi\ 
U.Uoo (3 ) 


U.Uoo (3 J 


A nco /7\ 
U.U jo (Z J 


A AA/C /^7\ 

— U.UUo yZ ) 


A AA1 /^7\ 

— U.UU3 yZ) 


A AAA /'7\ 

U.UUU yZ) 


r 1 ^ 1 


a c\nn (X\ 
U.U / / yj) 


a a/c/c /"a\ 
U.Uoo (3 J 


A AC 1 S-t\ 

U.UjI yZ) 


A AA/C /7\ 

U.UUo yZ ) 


A AAA /7\ 

u.uuy yz ) 


A AA7 /7\ 

U.UU 1 \Z) 


CjZ 


C\ C\ll t"Z\ 
U.U / / [j) 


a a/ci /i\ 
U.U03 (3 J 


A ACQ /7\ 

U.U Jo yZ ) 


A AA/C /7^ 

U.UUo yZ ) 


A AA7 /'7\ 

U.UUZ yZ ) 


A AA7 /7\ 

U.UUZ yZ) 


Cll 


A 1 1 A 7 /I 1 \ 

U. 1 14Z \ 


A 1 11 A /I 7\ 

U. 133U ^IZJ 


A A/CC7 

U.UO jZ ^0 ) 


A A7C7 fQ\ 

u.uzjz ^yj 


A A 1 A/1 /7^ 

U.U1U4 y 1 ) 


A A77Q ZO\ 

U.UZZo ^0 ) 


I^IZ 


U.U /ZU (oj 


A 1 AA/1 /Q\ 

U. 1UU4 yy ) 


A A7 1 7 /7~\ 
U.U / 1 / ( 1) 


A A1 77 (H\ 

U.U1 1 1 \l ) 


a AA07 
U.UUoZ (0 ) 


A AA*7Q 

u.uu /y yo) 


y n i 


A A/I/CG 

U.U4oy yj ) 


U.U30Z (3 ) 


A A/1 1 Q 

u.u4iy yj ) 


A AA 1 A /7^ 

U.UU1U yZ ) 


A A 1 A7 /7^ 

U.U1U/ yZ) 


A AA 1 7 /7\ 

U.UU1Z (ZJ 


Mi 

In l 


A A/1 /CQ (~\ c\ 

U.U40V (,10j 


A A/l/1 Q /"I /C\ 

U.U440 yi-V) 


A AC 1 O / 1 7\ 

U.Uj lo yl / ) 


A AAQ/1 n /1\ 

U.UU34 ^14J 


A AAQO /" 1 yl \ 

u.uuyo ^i4j 


A AA C 1 /I /I \ 

U.UUJ3 (14J 


XT') 

INZ 


A ACQI /I 


A AQO/l / 1 C\ 

U.U354 y i-J) 


A A/1 C/C /I C\ 

U.U4 jO y i-->) 


A AA 17 /I /1\ 

U.UU1 / i,14J 


A AAOI (\ A\ 

U.UUo3 ^14J 


A AA70 / 1 1\ 
U.UUZo ^ 13J 


JN j 


A A/1 70 /I /C\ 

U.U4 /O (,10j 


a A/i 17 /I /C\ 
U.U41Z (,10J 


A AC07 Q\ 

U.Ujo / (loj 


A AAA/1 A\ 

U.UUU4 (14J 


U.U1 10 (14J 


A AA7/C /I /1\ 

U.UUZO (14J 


IN 4 


A A/C 11 n o\ 
U.U013 {i-O) 


u.U3yy (loj 


A A/1 C 1 / 1 /C\ 

U.U4J1 (loj 


A AA II / 1 /I \ 

U.UU13 (14J 


A AA7A (\ A\ 

U.UU /U (14J 


A AAA/1 /I 1\ 

U.UUU4 (13J 


IN J 


A A*7A /">\ 

U.U /U yZ) 


A AO 1 (^\ 

u.uoi yZ) 


A A/CQ /'7\ 

u.uoy ^z j 


A AA/1 "5 /I Q\ 

u.uu43 (iyj 


A A 1 C7 (\ Q\ 

u.u 13/ yiy) 


A AA7/1 Q\ 

u.uuz4 ^ lyj 


INO 


A A/C7 /")\ 

U.Uo / yZ) 


A AC A 1 /I Q\ 

u.ujui 


A A7C ^7\ 

U.U / J (ZJ 


A A1 TA /I /C^ 

U.U13U (loj 


A A 1 Q7 /I A~\ 

u.uiy / (,iyj 


A AA 1/C fM\ 

u.uuio yi / ) 


IN / 


U.U04 yZ ) 


A A/1 A/1 /I Q\ 

U.U4V4 (loj 


U.UJOl (loj 


A AA C 7 /I C\ 

U.UUj / (1 D) 


A AA/Cl /I 

U.UU03 (,10j 


A AA7Q (\ C\ 

U.UUZo (,1 jJ 


\TO 

IN 5 


A A/C.7 0\ 

U.Uo / (ZJ 


A A/CQ ^7\ 

u.uoy (zj 


A A/C/C /7\ 

U.UOO (Z ) 


a ai r\i ( 1 7^ 
U.U1U3 (1 /J 


A AAQ7 /I Q\ 

u.uuyz (loj 


A AA7Q ( 1 Q\ 

U.UU /o (loj 


<J1 


a /i AA ( 1 a\ 

u.4yy (i3j 


A 1 A ( ^ 
U. 140 yj ) 


A 1 c.7 /C\ 

U.l jZ yp ) 


A AQ7 //C\ 

u.uy / yo) 


A 1 A/1 

U. 1U4 ^0 ) 


A AA1 ( A\ 

U.UU3 yt\) 


Uz 


A 177 //I \ 

VAZZ ^4 J 


A Q/1 7 SQ\ 

yj.jQZ yy) 


A 7 1 1 /AA 
U.Z1 1 (0 J 


A 1 1/C /C\ 

U. 1 lo yj ) 


A ATA (A\ 

U.U3U (4 ) 


A 1 1 1 (£\ 

U. 133 (Oj 


<J3 


A 1 ^ 

U . 1 J / ^4 J 


A 1 If. (A\ 

U. 130 (4J 


A 1 CA (A\ 

U.l JU (4 ) 


A AC 1 /"}\ 

U.Uj 1 (3J 


A A1A /a^ 

U.U3U (3 J 


A A77 
Kj.KjZZ yj ) 


<J4 


A 1 /CI /C\ 

U.lol p J 


a aa 1 n 1 ^ 

U.443 (1 1 J 


U.UOO (3 ) 


A A/1 1 /C\ 

U.U41 (Jj 


A AAC fl\ 

U.UUJ yj ) 


A A71 (A\ 
U.U /3 (4J 


Uj 


A A 7A /I C\ 

U.4ZU \ i-->) 


A 1 TO 

U. 1 jo yd ) 


A /CA /7^ 

U.oU yZ ) 


A 1 T/1 

U. 134 ^0 ) 


A A1 1 /I 7\ 

U.U3 1 ^IZJ 


A A17 (C\\ 

U.U3Z yy ) 


Uo 


A 7/C7 /TJ\ 

U.ZoZ (V J 


a 70 /7~\ 
U. /5 (ZJ 


U.lOJ (O J 


a 1 c 1 n n 
U.lJl (^llj 


A 1 1 A (~]\ 

U.l 1U y 1 ) 


a 17c /Q\ 

U. IZj yy) 


/--v-7 

O/ 


U.1Z4 (4) 


0.351 (11) 


A 1 *7A /1 1 \ 

0.379 (11) 


A AO 1 /^C\ 

-0.081 (0) 


A AT7 

-0.027 (5) 


A 1 1 A 

0.110 (y) 


08 


0.205 (6) 


0.350 (11) 


0.293 (9) 


0.006 (6) 


0.136(6) 


-0.104 (8) 


OIW 


0.0661 (15) 


0.0344(12) 


0.0582 (14) 


-0.0003 (11) 


-0.0221 (12) 


-0.0011 (10) 


02W 


0.0750 (16) 


0.0336 (12) 


0.0469(13) 


-0.0014(11) 


-0.0150 (11) 


0.0014(10) 


03W 


0.0577 (14) 


0.0523 (14) 


0.0479 (13) 


-0.0098(11) 


-0.0016(11) 


-0.0021 (11) 


04W 


0.132 (6) 


0.141 (7) 


0.118(6) 


0.020 (5) 


0.017(5) 


-0.014 (5) 



Geometric parameters (A, °) 



CI— Nl 


1.337 (4) 


C32— C33 


1.563 (6) 


CI— C2 


1.379 (5) 


C32— H32A 


0.9700 


CI— HI 


0.9300 


C32— H32B 


0.9700 


C2— C3 


1.372 (5) 


C33— C34 


1.392 (7) 


C2— H2 


0.9300 


C33— H33A 


0.9700 


C3— C4 


1.383 (5) 


C33— H33B 


0.9700 


C3— C6 


1.505 (5) 


C34— C35 


1.527 (6) 


C4— C5 


1.366 (5) 


C34— H34 


0.9300 


C4— H4 


0.9300 


C35— C39 


1.372 (5) 


C5— Nl 


1.328 (4) 


C35— C36 


1.379 (5) 


C5— H5 


0.9300 


C36— C37 


1.376 (5) 


C6— C7 


1.520 (5) 


C36— H36 


0.9300 


C6— H6A 


0.9700 


C37— N7 


1.334 (5) 


C6— H6B 


0.9700 


C37— H37 


0.9300 


C7— C8 


1.491 (5) 


C38— N7 


1.323 (5) 



sup-7 



supplementary materials 



P"7 U"7 A 

C / — H /A 


A A*7AA 

U.y /UU 


p~7 i itd 

C/ — til a 


u.y /UU 


po pn 

Co — cy 


1 cia 
l.DZU ( j) 


po uo a 
Co — HoA 


u.y /UU 


PO TTOD 

Co — Hots 


A A*7AA 

u.y /uu 


pn 

cy — cij 


1 1 CI 

l.iDi [J) 


pn rin 

cy — C1U 


1.3 /o (DJ 


pi a pi 1 
C1U — CI 1 


1 a "7/1 (£L\ 
1.3 /4 (0 ) 


pin um 
C1U — H1U 


a aiaa 

u.yiuu 


n i mc 
CI 1 — JN5 


1.3ZZ ( j) 


CI 1 — nil 


a aiaa 

u.yiuu 


mc 

C12 — JN5 


1.3Z0 (j) 


P1 T pn 
C 1 2 — C 1 3 


1 1*7/1 /C\ 

1.3 /4 ( j) 


C12 — H12 


A AIAA 

u.yiuu 


C13 — H13 


A AIAA 

0.93UU 


C 1 4 — JN 2 


1 1 1 C (A \ 

l.iij (4) 


P 1 /I PI f 

C14 CO 


1 1 *7A 

1.3 /y [?) 


p 1 ;i ui yi 
C14 — H14 


A AIAA 

u.yiuu 


PIC P 1 £. 

CIS — Clo 


1 1 *7C 
1.3 /j (j) 


pi r UK 

CIS — H15 


A AIAA 

u.yiuu 


p 1 *7 
Clo — CI / 


1.350 (OJ 


pin 

c i o — c i y 


l.DUZ p) 


CI / — Clo 


1.3 /o (4) 


CI / — HI / 


a AIAA 

u.yiuu 


C 1 0 — JN 2 


l.iio (4) 


pi n mo 
C 1 0 — H 1 0 


A AIAA 

u.yjuu 


pin nn 
Ciy — C2U 


1 CI /I /C\ 

1.j34 {j) 


pin nini 

ciy — HiyA 


A A*7AA 

u.y /UU 


P1H ill AD 

ciy — Hiyts 


A A*7AA 

U.y/UU 


pin pn 
C2U — C2 1 


1 CAA 
l.DUU (o) 


nn uta a 
C2U — H2UA 


A A*7AA 

u.y /UU 


pta utad 
C2U — H2UB 


A A*7AA 

u.y /UU 


n i pit 
C21 — C22 


I.MS [?) 


n i m i a 
C21 — H21A 


A A*7AA 

u.y /UU 


pt 1 1 r> 
C21 — H21B 


A A*7AA 

u.y /UU 


ptt ni 
C22 — C23 


1 i /;c 
l.iOD ( j) 


PTT pt/: 

C22 — C2o 


1 T71 

1.3 /I (p) 


PT1 PT/1 

C23 — C24 


1 lei 


C23 — H23 


A A1AA 

u.yiuu 


C24 — JN 0 


1 11C 

1.33D (DJ 


PT/1 TTIyl 

C24 — H24 


A A1AA 

u.y3uu 


PTC MiC 

C25 — JNo 


1 111 sz\ 

1.311 (j) 


ptc 

C25 — C2o 


i inc. ( z\ 
1.3 /o ( j) 


ptc t n c 
C25 — H25 


A A1 AA 

u.y3uu 


C26— H26 


0.9300 


C27— N3 


1.331 (4) 


C27— C28 


1.383 (5) 


C27— H27 


0.9300 


C28— C29 


1.359 (6) 



C3o — C3y 


1 1 11 i 'c\ 

1.3 /3 (5) 


C3o — hl3o 


u.y3uu 


pin TJ1A 

C3y — hi3y 


U.y3UU 


C^A(\ XT/I 

C4U — JN4 


1.330 (4) 


C4U — C41 


i /c\ 
1.3o3 (5) 


C4U — rl4U 


U.y3UU 


C41 — C4Z 


1 1~!A /C\ 

1.3 /4 (5) 


/-i /i 1 i i i i 
C4 1 — rl4 1 


U.y3UU 


C4Z — C43 


1 i o a /c^ 
1.384 (5) 


C4Z — C4j 


1 cm /c\ 
1 ._>U2 p j 


Z" 1 /! 1 C^AA 

C43 — C44 


1 1 oi /c\ 
1.3o3 (5) 


/^/l 1 I I ,1 Q 

C43 — hl43 


u.y3uu 


A A XT /I 

C44 — JN4 


1 Tir /"i\ 

1.335 (4) 


a a 1 1 1 >i 
C44 — hl44 


u.y3uu 


C4D — C4o 


1 C 1 1 f£\ 

1.513 (0) 


C4j — hl4!)A 


n mnn 

u.y /UU 


AQ I I ,| cr> 

C4D — hl4jr> 


u.y /UU 


C4o — C4 / 


1 enn /c\ 
1.5Uy (5) 


C4o — rl4oA 


A Q^7AA 

u.y /uu 


C4o — hl4or> 


A A"7AA 

u.y /UU 


C4 / — C4o 


1 C 1 A ^C\ 

1 .J 14 p ) 


C4 / — H4 / A 


A A"7AA 

u.y /UU 


C4 / — hl4 /d 


A Q7AA 

u.y /uu 


C4o — C4y 


1 ni /c\ 
1.3/1 P) 


C4o — CjZ 


1 1"7A /C\ 

i .3 /y p j 


C4y — CjU 


1 1"71 ^c^ 
1 .3 / I pj 


C4y — hi4y 


A A1AA 

u.y3uu 


prri TvTO 

CjU — JNo 


1 QIC /C\ 

1.335 (5) 


peri TJCA 

CDU — hlDU 


A A1AA 

U.y3UU 


/■r 1 "N.TO 

CM — JNo 


1 m /c\ 
1.32/ P) 


CM — CjZ 


1.30/ (5) 


/ 'r 1 Tjr i 

CM — rlj 1 


A A1AA 

u.y3uu 


CjZ — HjZ 


A AQAA 

u.y3uu 


Cll — <Jz 


1 1 A A /C\ 

1.344 (5) 


Cll — UI 


1 1 "71 /C\ 

1 .3 /3 (5) 


Cll — U3 


1 101 /■ A \ 

1.301 (4j 


Cll — U4 


1 IOC 

1.30J (4j 


C1Z — Uj 


1 .242 (/) 


Clz — Uo 


1 T/1C f£\ 

1.245 (0) 


/— '1 0 AO 

ClZ — Uo 


1 T71 { £\ 
l.Lll (0) 


ClZ — U/ 


1 11 A f£\ 

1.334 (0) 


Mill — Ol W 


T 1 "7 A 
2.1 /U (2) 


Mill — UzW 


T lot 

2.100 (2) 


Mnl— Nl 


2.265 (3) 


Mnl— N2 


2.281 (3) 


Mnl— N4 


2.284 (3) 


Mnl— N3 


2.293 (3) 


OIW— H1W 


0.8104 


OIW— H1WA 


0.8011 



sup-8 



supplementary materials 



PTO I I -> t) 

CZo — hlZo 


U.ViUU 


V -. v I jU 


li JO / ^ 


C29 — C32 


1.502 (5) 


C30 C31 


1 386 (5) 


C30 H30 


0.9300 


C31 — N3 


1.327 (4) 


C31 — H31 


0.9300 


\n /-< i /-ii 
JN 1 — CI — C2 


111 O 
122.0 (J) 


JN 1 — CI — HI 


llo.o 


r^i 1 ui 
C2 — CI — HI 


llo.o 


C3 — C2 — C 1 


12U.4 (i) 


C3 — Cz — Hz 


1 1 Q Q 

iiy.o 


r^i /~<i ui 
CI — Cz — Hz 


11(1 o 

i iy.o 


fi fi f/i 
Cz — C3 — C4 


1 1 /: c n\ 
116. J (J) 


r^i r^i r^/; 
Cz — C3 — Co 


111 .0 (J j 


f^A r^i r^/: 
C4 — Co — Co 


121. / (3) 


r^c f/i fi 
Cj — C4 C3 


i in o /i\ 

ny.o (j) 


/^C /"M U/1 

Cj — C4 H4 


12U.1 


r^i /"M u/l 
C3 — C4 H4 


1 i/i 1 
12U.1 


JN 1 — Cj — C4 


Hi n /Q \ 

124.U (J) 


\r1 /^c UC 

JN 1 — C J — Hj 


no (i 
llo.U 


f^A f^Z UC 

C4 — CD — Hj 


no (i 
llo.U 


r^i /">/: r^"7 
Cj — Co — C / 


i n li /ii 

nz.u (j) 


r^i f^c u/: a 
CJ — Co — H6A 


1 nn i 

luy.z 


f^n u/: a 
C / — Co — HoA 


1 /l/l 1 

luy.z 


Cj Co — HoB 


1 /in i 
luy.z 


C / — Co — HoB 


1 n/i i 
luy.z 


u/: A f^£. T i/n 
HoA — Co — Hots 


1 ni n 

iu /.y 


f^Q f^n r^c 
Co — C / — Co 


1 1 1 1 /Q \ 

112.2 (i) 


r^o p7 U7A 

Co — C / — H / A 


1 no o 

luy.z 


r^/: r^"7 in a 
Co — C / — H / A 


1 /l/l 1 

luy.z 


Co — C / — H /B 


luy.z 


Co — C / — H /B 


1 /in i 
luy.z 


TT"7 A f~*1 

H/A — C/ — H/B 


1 n"7 n 

lo/.y 


f^n f^Q f~*ct 
C / — Co — C9 


1 1 /c n //l\ 
llo.U (4) 


f7 r^Q UO A 

C / — Co — HoA 


1 no i 
lUo.J 


/~*ct r^Q UO A 
Cy — Co — HoA 


1 no i 
lUo.J 


C/ — Co — HoB 


1 no i 
lUo.J 


/~*Ct /"'O uon 

Cy — Co — HoB 


1 no i 
lUo.J 


UO A r^Q HOD 

HoA — Co — Hots 


1 n"7 a 
1U /.4 


ci j — cy — cio 


11/: a //i \ 
110.4 (4) 


ci j — cy — Co 


i in i i a \ 
IzU.l (4) 


c i o — cy — Co 


111 c { A\ 

123. J (4) 


Cll— CIO— C9 


120.5 (4) 


Cll— CIO— H10 


119.8 


C9— CIO— H10 


119.8 


N5— Cll— CIO 


122.9 (4) 


N5— Cll— Hll 


118.6 


CIO— Cll— Hll 


118.6 



02W— H2W 


0.8636 


02W— H2WA 


0.8457 


03W — H3W 


0.8847 


03W — H3WA 


0.9219 


04W — H4WA 


0.8497 


04W — H4W 


0.8491 


C34 — C33 — hl33B 


1 n~7 n 

10 /.y 


C3Z — C33 — hl33B 


1 n"7 n 

io /.y 


i ii i * r^i i i n id 
hli 3 A — Ci 3 — hli 3B 


1 n"7 1 
1U/.Z 


C33 — C34 — C3D 


1 1 a n /c\ 
114.U (J) 


L/33 — C34 — hl34 


1 n n 
Izj.U 


C3j — C34 — hl34 


1 n n 
1Z3.U 


C3y — C3D — C3o 


1 1 / f /^A 

116. j (3) 


^->o r'K r^iA 
C3V — C3D — C34 


izi.y (4j 


C3o — C3D — C34 


111 /I i A \ 

lzl.4 (4) 


r^m /•-I/' ptc 
C3 / — C3o — C3 j 


i in i { a\ 
IzU.l (4) 


C3 / — C3o — hl3o 


1 in n 

izu.u 


C3D — C3o — hl3o 


1 in n 

izu.u 


JN / — C3 / — C3o 


111 A f A \ 

123.4 (4) 


JN / — C3 / — hl3 / 


1 1 O 1 

no.3 


C3o — C3 / — hl3 / 


1 1 O 1 

no.3 


JN / — C3o — C3y 


11/1 A {1\ 

124.4 \i) 


JN / — C3o — hl3o 


I 1 "7 O 

II /.0 


pin p-jo | 1 1 o 

C3V — C3o — hl3o 


in o 
1 1 /.o 


Pic pin pTO 

C3j — C3y — C3o 


lino //i\ 
liy.O (4) 


pic pm mn 

C3d — C3y — hl3y 


i in i 
12U.1 


Pio pin mn 

C3o — C3y — hl3y 


1 in 1 
12U.1 


M/i p^n n/i i 
JN4 — C4U — C4 1 


111 C //I \ 

123.5 (4) 


JN4 — C4U — hl4U 


1 1 O 1 

no.3 


C4 1 — C4U — rl4U 


1 1 Q 1 

115.3 


C4U — C4 1 — C42 


in n {a \ 
121. U (4) 


p/IA p A 1 I I .1 1 

C4U — C4 1 — hl4 1 


mi c 

iiy.j 


C4Z — C4 1 — hl4 1 


mi r 


C4 1 — C4Z — C43 


1 1 / /l /Q\ 

116.U (i) 


C4 1 — C4Z — C4 j 


111 /C //l\ 

121.6 (4) 


C43 — C42 — C45 


111 A t A'\ 

ill A (4) 


f/i/i niii 
C44 — C43 — C4z 


1 in i /i \ 

120.2 (3) 


/^/i/i r^Ai \jai 
C44 — C43 — H43 


1 1 n n 

i iy.y 


/"Ml f/l'l U/11 

C4z — C4j — H43 


1 1 n n 

ny.y 


XT/1 /~M/1 

JN4 — C44 — C43 


111 1 /1\ 

123.1 (3) 


\(1 /^/1/1 TJ A A 

JN4 — C44 — H44 


no ; 

llo.J 


C43 — C44 — H44 


11 o f 

llo.J 


C42— C45— C46 


112.5 (3) 


C42— C45— H45A 


109.1 


C46— C45— H45A 


109.1 


C42— C45— H45B 


109.1 


C46— C45— H45B 


109.1 


H45A— C45— H45B 


107.8 



sup-9 



supplementary materials 



M"c rn pi i 
JN j — C 1 Z — C 1 3 


1 Ol O (A \ 

1Z3.0 (4) 


m~c n i 1 1 n 
JN J — C 1 Z — hi 1 Z 


no i 
1 lo. 1 


C13 — C1Z — H1Z 


no i 
1 lo. 1 


Cy — C 1 3 — C 1 Z 


1 on i ( a\ 
1ZU.1 (4) 


pn pn [ill 

CV — C 1 3 — H 1 3 


1 1 n n 

ny.y 


pi ^ pi 1 I I l "J 

C1Z — C13 — H13 


1 1 n n 

ny.y 


\n pu pk 

JNZ — C14 — CI D 


1 OT 1 /"3\ 

1Z3.1 (3) 


\n p i /i tt i /i 
JN Z — C 1 4 — rl 1 4 


1 1 Q /I 
1 lo.4 


PIC P 1 /I TT 1 /I 

CI J — C14 — H14 


| 1 O /I 

1 lo.4 


P| / PIC P 1 A 

Clo — CI D — C14 


1 on i (a \ 
1ZU.3 (4) 


pi/: pic UK 

Clo — CI J — rl 1 j 


nno 

ny.o 


p 1 /l PIC I I 1 c 

C14 — CI J — HI j 


nno 

i iy.o 


pi r pi /• pn 
CI j — Clo — CI / 


llo.J (3) 


Pi r p i / p 1 n 

C 1 J — C 1 o — C 1 y 


1 OO 1 (A \ 

1ZZ.1 (4) 


p 1 -7 P 1 /T p|A 

CI 7 — Clo — C19 


1 O 1 A / A\ 
ill A (4) 


pi o pn p|/ 
Clo — CI / — Clo 


1 on 1 
1ZU.1 (3) 


p| O pn TJ 1 O 

Clo — CI / — HI / 


1 on n 
1ZU.U 


PI /- pn it 1 n 

Clo — CI / — HI / 


1 on n 
1ZU.U 


\n p 1 o pn 

JNZ — Clo — CI / 


1Z3.1 (3) 


JNZ — C 1 o — H 1 o 


n p r 

1 1 O.J 


pn p 1 o iiio 
CI / — Clo — Hlo 


n p r 

110.J 


pi / pin p o a 

cio — ciy — czu 


111 £ 

lll.o (3) 


P'l /; p i q niQA 

Clo — ciy — HiyA 


1 fiQ 1 

iuy.3 


pth pm uin a 
CZU — C 1 y — H 1 y A 


1 nn i 

iuy.3 


pi / pm tt 1 no 
C 1 o — C 1 y — H 1 yB 


1 nn i 

iuy.3 


p O A Pin TJIflD 

CZU — C 1 y — H 1 Vr> 


1 nn i 

iuy.3 


uin a pm 1 1 1 r \ i > 

HiyA — civ — niyh> 


1 no n 
lUo.U 


PO 1 pan Pin 

cz i — czu — c i y 


11/1 O //I \ 

1 14. Z (4) 


po 1 pm iion a 
CZ 1 — CZU — HZUA 


1 no o 
lUo. / 


Pin nn uin a 
c i y — CZU — HZUA 


1 no *7 
lUo. / 


pi 1 pin TjinD 
CZ1 — CZU — HZUB 


1 no *7 
lUo. / 


p i a p^n TTinTI 

c i y — czu — hzub 


108.7 


inn a pin TTinn 
HZUA — CZU — HZUB 


1 n*7 /c 
107. 0 


piin pti /-•->-> 

CZU — CZ 1 — czz 


1 1 C £ S1\ 

115.6 (3) 


P "\ f\ p1| I I "> I A 

CZU — CZl — HZ I A 


1 no a 
lUo.4 


pn pn itti a 
CZZ — CZ 1 — HZ 1 A 


1 no a 
lUo.4 


P1A P11 HOI D 

CZU — CZl — HZ IB 


1 no a 
lUo.4 


POO pi i tjO 1 D 

CZZ — CZ 1 — HZ 1 B 


1 flQ A 

lUo.4 


TJO 1 A PT1 HO 1 D 

HZ1A — CZl — HZ IB 


i no a 
1U I A 


P11 pti PO/C 

CZ3 — CZZ — CZo 


Ho.3 (3) 


p-v "j pn PO 1 

CZ3 — CZZ — CZ 1 


1 O 1 ^ <"3\ 

IZl.o (3) 


pi s P11 PI 1 

CZo — CZZ — CZ 1 


in 1 /o a 
122.1 (3) 


PO 1 P11 po /) 

CZZ — CZ3 — CZ4 


120.0 (4) 


poo po i nn 
CZZ — CZ3 — HZ3 


120.0 


C24— C23— H23 


120.0 


N6— C24— C23 


123.4 (4) 


N6— C24— H24 


118.3 


C23— C24— H24 


118.3 


N6— C25— C26 


123.9 (4) 



P/IO P/1/T P/1C 

C4 / — C4o — C4 j 


1 1 i n fi\ 
113.y (3) 


P /| -7 P/1/T I I ,| A 

C4 / — C4o — H4oA 


1 no o 
lUo.O 


P /l c p /| /: tt /i a 

C4j — C4o — H4oA 


1 no o 
lUo.O 


P/IO P/1/T I I 1 /: I) 

C4 / — C4o — H4oB 


1 no o 
lUo.O 


p /l C p /| /: Tjyi/"n 

C4j — C4o — H4oB 


1 no o 
lUo.O 


TU/I/TA f^AC U A £. I) 

H4oA — C4o — H4oB 


1 no o 
1U/. / 


p y| /: P/IO P /| o 

C4o — C4 / — C4o 


1 1 O O 

11Z.Z (3) 


p /i /: p /i *7 IT/17 A 

C4o — C4 / — H4 /A 


1 flG 0 

iuy.z 


P/IO P y| O TT/II A 

C4o — C4 / — H4 / A 


1 nn o 

iuy.z 


p/| £ P/1 "7 I I 1 "7 D 

C4o — C4 / — H4 id 


1 nn o 

iuy.z 


P/| Q p/1 -7 I I 1 "7 I) 

C4o — C4 / — H4 / B 


1 no 0 

iuy.z 


TT/nA p y| -7 I I ,| "7 1) 

H4 /A — C4 / — H4 /B 


1 no n 

iu / .y 


p A A p/io pif i 

C4y — C4o — CjZ 


11 0.3 (4) 


p A Ci p/1 Q p/IO 

C4y — C4o — C4 / 


1 O 1 o f1\ 

1Z1 .0 {3 ) 


pifl P/IO P/IO 

CjZ — C4o — C4 / 


1 O 1 O /A\ 

IZl.o (4) 


pen p /i a p/io 
CjU — C4y — C4o 


1 on /i //i \ 
1ZU.4 (4) 


pen p /I A TT /I A 

cdu — C4y — H4y 


1 1 n o 

ny.o 


P/io p/in tt/1 n 
C4o — C4y — H4y 


1 1 n o 

ny.o 


mo pen p /i n 
JN o — CjU — C4y 


1 0"5 O //1 \ 

1Z3.Z (4) 


\to pen 1 1 c a 
JNo — CjU — HjU 


1 1 O A 

1 lo.4 


p /i n p en 1 1 en 
C4y — CjU — HjU 


1 1 O /I 

1 lo.4 


\to pci pei 
JNo — Cj 1 — CjZ 


1 11 C SA\ 

1Z3.J (4) 


JNo — Cj 1 — Hj 1 


11Q 1 

1 lo.Z 


piei pci T_jci 
CjZ — C J 1 — H j 1 


1 1 O 1 

1 lo.Z 


PCI PC") p/IO 

CM — CjZ — C4o 


i in o (a \ 
(4) 


PCI pei i i ci 

CM — CjZ — HjZ 


1 1 n n 

ny.y 


P/IO PCI TJC1 

C4o — CjZ — HjZ 


1 1 n n 

i iy.y 


pi pi 1 p. 1 
L)Z — Cll — Ol 


in o /c\ 
1 13.0 (j) 


p,-> PI 1 P.1 

UZ — Cll — U3 


1 no n (A \ 
lU/.y (4) 


p. i pi 1 pi 
Ul — Cll — U3 


1 nc i (i \ 
IUj.3 (3) 


p-i pi 1 p/i 
UZ — CI 1 — <J4 


1 n^ c /"i \ 
lUo.J (3) 


p. i pi 1 p/i 
Ol — Cll — U4 


1 1 n o ( a\ 
1 1U.0 (4) 


r\i pi 1 p/1 
U3 — Cll — U4 


1 1 O O SA\ 

11Z. / (4) 


PC pio r\/z 

U J — C1Z — Uo 


110 1 fQ\ 

11Z.1 (o) 


P-C pi o po 

Uj — C1Z — (Jo 


1 nc o sh\ 
IUj.Z (/) 


P/T PIO P.U 

<J 0 — C1Z — U o 


1 no c ^o\ 
lUo.J {/) 


P-C pio 0*0 

U J — C1Z — V I 


\ C\A & f£ \ 

1U4.0 (o) 


p. / pi 1 p-7 

Uo — C1Z — U / 


1 1 1 o 

11 l.Z (o) 


p.o PIO /~iO 

Uo — C1Z — O / 


I 1 c n f£\ 

I I J.U (o) 


A1\I/ N 1 1 PO ^ 

Ul W — Mnl — U2W 


1 oi no /'oa 
1 /3.UZ (0 ) 


/"i1YI7 M„| \T| 

Ul W — Mnl — JN 1 


on /n\ 

oy.o3 (y) 


/"iOT.17 M„| Ml 

UZW — Mnl — JN 1 


no ia sew 

yz. /4 (y) 


{~\\ WT Ai„| MO 

Ul W — Mnl — JNZ 


O O 1 A /Tl\ 

00.34 (yj 


AHI T TV /I 1 "N.T1 

UzW — Mnl — JNZ 


oc nc /n\ 

85.05 (9) 


Nl— Mnl— N2 


91.08 (10) 


OIW— Mnl— N4 


94.59 (9) 


02W— Mnl— N4 


91.98 (9) 


Nl— Mnl— N4 


90.00 (10) 


N2— Mnl— N4 


176.89 (10) 
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JN o — C Z D — rlZ j 


1 1 O 1 
1 lo. 1 


P1 /' pic I I -> c 

CzO — CZj — hlZj 


1 1 O 1 

1 lo. 1 


pii pi/; nc 
CzZ — Czo — Czd 


1 in i (a \ 
1ZU.3 (4) 


/ 'T) pt/" II-)/' 

CzZ — CzO — hlZO 


lino 

ny.o 


p^c /"'">/; in/. 

Czj — CzO — hlZO 


1 1 n o 

i iy.o 


JN 3 — Cz / — Czo 


111 n (a \ 
IZZ.y (4) 


JN 3 — Cz / — HZ / 


1 1 o c 
llo.J 


pTQ pn 1 1 1 "7 

CZo — CZ / — rlZ / 


I 1 Q C 

I I O.J 


POO PTO PT7 

Czy — Czo — Cz / 


1 in *7 (a \ 
12U. / (4) 


PT() pto TJOO 

CZy — CZo — riZo 


1 1 n 

i iy.o 


pto TJOO 

Cz / — Czo — Hzo 


119.0 


/^io Pin pin 

Czo — Czy — C3U 


1 lo. / (4) 


pio pon pqi 
Czo — Czy — C3Z 


111 O (A \ 

IZZ.o (4) 


p^A p^n pii 
C3U — Czy — C3z 


1 in c (a \ 
IZU.Z) (4) 


/-it i /-it a pin 
C3 1 — C30 — Czy 


1 1 n a {a \ 

lly.4 (4) 


pi i pQn inn 
C3 1 — C3U — hl3U 


1 in i 
1ZU.3 


Pin pi pi inn 
Ciy — C3U — hl3U 


1 in i 
1ZU.3 


Ml PQ 1 pip. 

JN 3 — C3 1 — C3U 


ni c / /i \ 
123.J (4) 


Ml PQ 1 TTQ 1 

JN3 — C31 — hl31 


1 1 O 1 

1 lo.Z 


PI pi PQ 1 TTQ 1 

C3U — C3 1 — hl31 


1 1 O 1 

1 lo.Z 


Pin pii pqq 
C2y — C3Z — C33 


111 n fy\ 
111. (J (3) 


PIPl PQ 1 TTQ 1 A 

CZV — C3Z — hl3ZA 


1 nn /i 


PQ Q PQ 1 TTQ 1 A 

C33 — C3Z — hl3ZA 


1 nn a 


P7Q pi? W*?R 

V — / V/JZ 1 1 _ 7 _ I _> 


1 HQ 4 


C33 — C32 — H32B 


109.4 


H32A — C32 — H32B 


108.0 


C34 — C33 — C32 


117.7 (5) 


C34 — C33 — H33A 


107.9 


C32 — C33 — H33A 


107.9 


Ml pi pi PQ 

JN 1 — CI — Cz — C3 


\).J (0) 


P| pi PQ P/1 

C 1 — CZ — C3 — C4 


U.4 (0 ) 


PI pi pq p/: 

C 1 — Cz — C3 — Co 


1 *70 C //I \ 
—1 /O.J (4) 


PI PI P/1 PC 

Cz — C3 — C4 — C j 


n n /c\ 

-0.9 (5) 


s pq p /i pc 

Co — C3 — C4 — CD 


1 io n n\ 
1 /o.U (3) 


PI P/1 PC Ml 

C3 — C4 — C J — JN 1 


U.O (0) 


PI PI p /; p*7 

Cz — C3 — Co — C / 


£C c /c\ 

65.5 (5) 


P/1 PI P£ P*7 

C4 — C3 — Co — C / 


1111 //1\ 

-113.3 (4) 


( •! f^r p-7 po 

C3 — CO — C / — Co 


1 / /.o (4 J 


p/: P*7 PO PPi 

Co — C / — Co — Cy 


1 *7C C (A \ 

— \ 1 j.o (4) 


P*7 PO PPi P 1 1 

c / — Co — cy — c 1 3 


1 CI C (A \ 

1D3.0 (4) 


p-7 po PPi P 1 Pi 

C / — Co — CV — C 1 u 


1C H f£\ 

~Zj. I [p) 


P 1 Q pQ Plpi P 1 1 

c 1 3 — cy — c i u — c 1 1 


1.4 (6) 


po pn pin P11 
Co — Cy — C 1 U — C 1 1 


—i /y.i (4) 


pn pin P11 xtc 

C9 — CIO — Cll — JN5 


1.7 (7) 


CIO— C9— C13— C12 


-2.5 (6) 


C8— C9— CI 3— C12 


178.0 (4) 


N5— CI 2— CI 3— C9 


0.9 (7) 


N2— CI 4— CI 5— CI 6 


-0.8 (5) 


C14— C15— C16— C17 


-2.9 (5) 



nni7 n j„i \ti 
<J1 W — Mnl — JN3 


on c\ 

o /.oi (y) 


P1A17 A J„| Ml 

<Jz W — Mn 1 — JN 3 


nn 1 c /n\ 
9U.1D (9) 


XT 1 A ,f 1 XTT 

JN 1 — Mnl — JN3 


1 *7£ n*7 / 1 n\ 
1 /O.y / (1U) 


XT') A 4" « 1 "\T1 

JNZ — Mnl — JN3 


nn no (\ n\ 

yu.uo (1UJ 


XT A A 4 1 XT1 

JN4 — Mnl — JN3 


o o no /1 n\ 
OO.yo (1U) 


r "\T1 PI 

Cj — JN 1 — CI 


11/^/1 
110.4 (3) 


( ' £ XT1 A(T«1 

CD — JN 1 — Mnl 


1 00 /l p">\ 
1ZZ.4 (Z j 


P 1 XT 1 A /T.^ 1 

CI — JN 1 — Mnl 


in n /i\ 
1Z1 .U (Z) 


P 1 /I XT1 P 1 O 

C14 — JNZ — Clo 


1 l/T 1 /Q\ 

1 lo. / (3) 


p 1 /] xti A /f.-i 1 

C 1 4 — JN Z — Mn 1 


1 0 1 A /0\ 

1Z1 .4 (ZJ 


P 1 O XT1 A /f 1 

Clo — JNZ — Mnl 


111 n /1 \ 
IZl .U (Z) 


PI 1 XT1 pi -7 

C3 1 — JN 3 — Cz / 


1 10.0 (3) 


PI 1 XT1 A /T., 1 

C31 — JN3 — Mnl 


iii i /i\ 
1Z1.Z (Z) 


P1*7 XT'! A^„| 

Cz / — JN3 — Mnl 


111 c /1\ 

Izl.j (Z) 


P/1/1 XT A P/in 

C44 — JN 4 — C4U 


11/; 1 /q\ 

110.3 (3) 


P/1 A XT /I A 4 1 

C44 — JN4 — Mnl 


1 n t /i\ 
123.3 (Z) 


p /in XT /I A/I„| 

C4U — JN4 — Mnl 


1 in /i /i\ 
1ZU.4 \l) 


P 1 1 XTC P 1 1 

Cll — JN j — ClZ 


11^1 //i\ 
110.3 (4) 


PTC \T/; pi A 

CzD — JN 0 — CZ4 


ll/rn /"3\ 

110.U (3) 


PQ O XT*7 P Q "7 

C3o — JN / — C3 / 


ik n /q\ 

ii j.y (3) 


pci xto pen 
CM — JN 0 — CjU 


11^/1 //i\ 

1 10.4 (4) 


Mnl — <J1 W — hll W 


1 n n 
13Z.U 


n j„i nni7 T_ri\i7A 
Mnl — <J1 W — hll WA 


1 n i 
1Z3.Z 


u i w n i w w 1 wa 

n i vv v./ 1 vv — 1 1 1 vvrt 


1 04 7 


Mnl — 02W — H2W 


130.0 


Mnl — 02W — H2WA 


130.9 


H2W — 02W — H2WA 


97.7 


H3W — 03W — H3WA 


116.6 


H4WA — 04W — H4W 


108.0 


C4o — C4 / — C46 — C4V 


I 1 n & s a\ 

II U.O (4) 


r^At. r^Ai r*AQ 


— 00. D p J 


r^o /~"^n r*cn 
C52 — C45 — C4y — C5U 


n 1 

-0.1 (5) 


r^/i"7 r^/io f^A(\ f^zt\ 
C4 / — C46 — C4y — CjU 


i nn a t a\ 
— { 1 1 A {h) 


C46 — C4V — C5U — JN 6 


1 q 

1.3 (6) 


MO pri pel p,io 

JN5 — C5 1 — C52 — C45 


1 n 

1.0 (6) 


r^An r^AQ rci pri 
C4y — C45 — C52 — C5 1 


1 n 

-1.0 (5) 


/^/1"7 /^/lO pel pri 

C4 / — C46 — C52 — C5 1 


1 1£ 1 //I \ 

1 /0.3 (4) 


a r^c \n r^i 
C4 C5 — JN 1 — CI 


0.3 (5) 


C4 C5 — JN 1 — Mnl 


1 n n (i \ 
— \ /3.y (3) 


f^"t r^i mi r^z 
Cz — CI — JN 1 — C5 


n n 

-0.9 (5) 


/^T 1 Ml A x„ 1 

C2 — CI — JN 1 — Mnl 


1 /3.5 (3) 


Ul W — Mnl — JN 1 — C5 


APi A f1\ 

40.4 (i) 


U2 W — Mnl — JN 1 — CD 


— 133. U (i) 


MO A (f « 1 M1 /~*C 

N2 — Mnl — JN 1 — C5 


-47.9 (3) 


N3— Mnl— Nl— C5 


64.6 (19) 


OIW— Mnl— Nl— CI 


-133.6(3) 


02W— Mnl— Nl— CI 


53.0 (3) 


N2— Mnl— Nl— CI 


138.1 (3) 


N4— Mnl— Nl— CI 


-39.0 (3) 
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p 1 /i n c p 1 /; nn 
C 1 4 — C 1 5 — C 1 0 — C 1 V 


1 / j.j (3) 


CIS — C16 — CI / — C18 


4.0 (5) 


ciy — ci6 — ci / — cis 


-1 /4.4 (3) 


pu pit pio \n 
C16 — CI / — C18 — NZ 


-1.5 (5) 


pi f pu pin pnn 

Lii — ci6 — ciy — czu 


on ~t f a\ 
— oV.Z (4) 


P1"7 P 1 /; pin pnn 

CI / — C16 — ciy — C2U 


on 1 /c\ 
oy.l (J) 


PU pin pnn pn] 

c i d — c i y — czu — cz i 


— oz.y (j) 


pin pnn r^oi r^n 

c i y — czu — cz i — czz 


— 1 /U.3 (3 J 


P1A pn pin pni 

C/U — CZ 1 — CZZ — CZ3 


4o. / (o) 


pnn pm pn pn/: 

CZU — CZ 1 — CZZ — CZO 


111 O (A \ 

-133.5 (4) 


pn<r pnn pni pn/1 

CZ6 — CZZ — CZ3 — Cz4 


-2.3 (6) 


PTl pnn pni pii 

Cz 1 — CZZ — CZ3 — CZ4 


1 in ^ ( a\ 
l 1 1 .1 (4) 


pin pm pnl T\T£ 

CZZ — CZ3 — CZ4 — JN 0 


1.5 (6) 


pnn pnn pn/: PTC 

CZ3 — CZZ — CZo — CZS 


1.0 (6) 


pm pm pn/; pnc 
CZ1 — CZZ — CZo — CZ5 


1 TO Z fA\ 
— 1 /O.J (4) 


\ ' /• pnr pn/: pm 

No — CZ5 — CZo — CZZ 


1.3 (6) 


\n pm pnQ pin 

jn J — cz / — czs — czy 


-U.4 (o) 


Pm pnn pnn Pm 

Cz / — CZ8 — czy — C3U 


2.1 (5) 


pm pno pnn pm 

cz / — czs — czy — C3z 


-[ /J.O (3) 


pno pnn pm pn 

czs — czy — C3U — C3 1 


-1.3 (5) 


p*jn pnn pm pn 
C3Z — CZy — C3U — C3 1 


1 /O.J (3) 


pnn pm pn \rn 
CZy — C3U — C31 — JN3 


-1.3 (6) 


pno pnn pm pn 
CZa — CZy — C3Z — C33 


on t 


pm pnn pm pn 
C3U — CZy — C3Z — C33 


OO A 
-55. 4 (J) 


pnn pin pit pi/1 
CZy — C3Z — C33 — C34 


— jy.j (/) 


pm pn pn a pic 
C3Z — C33 — C34 — C35 


— 1 / I A (4) 


pi i pi /i pic pm 
C33 — C34 — C35 — C3y 


Ol.J (/) 


pi i pi /i pic pi/; 
C33 — C34 — C35 — C36 


-123.V (J) 


pnn PIC pn<r pn 

C3y — C35 — C36 — C3 / 


n n 

U.V (o) 


pni pic pi/: pm 
C34 — C35 — C36 — C3 / 


\n a n //i \ 
— 1 /4.U (4) 


pic pi/; PI "7 M"7 

C35 — C36 — C3 / — JN / 


0.1 (6) 


pn£ pic pm PIO 

C36 — C35 — C3y — C35 


1 A f£\ 

-1.4 (6) 


pn A PIC pm PIO 

C34 — C35 — C3y — C3o 


1 "71 C (A \ 

1 /3.J (4) 


M"7 pio pm PIC 

JN / — C35 — C3y — C35 


1.1 (7) 


Ml pin P/1 1 pin 

JN4 C4U — C41 — C4Z 


U.U (o) 


pin pi i pin pn 
C4U — C4 1 — C4Z — C43 


1 1 (z\ 
1.1 (5) 


pin pi 1 pin pir 
C4U — C4 1 — C4Z — C45 


1 *70 1 (A \ 
—1 /O.l (4) 


pi 1 pin pn p/t/t 
C4 1 — C4Z — C43 — C44 


1 o 

-1.8 (5) 


pic pin pin pii 
C45 — C4z — C43 — C44 


177.4 (3) 


C42— C43— C44— N4 


1.5 (6) 


C41— C42— C45— C46 


73.0 (5) 


C43— C42— C45— C46 


-106.1 (5) 


C42— C45— C46— C47 


66.6 (5) 


C45— C46— C47— C48 


-178.6(4) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H 

03W— H3WA-N8' 0.92 



C15— C14— N2— C18 3.3 (5) 

C15— C14— N2— Mnl -166.0(3) 

C 1 7— C 1 8— N2— C 14 -2.2(5) 

C17— C18— N2— Mnl 167.2 (3) 

01W— Mnl— N2— C14 -140.1 (3) 

02W— Mnl— N2— C14 42.2 (2) 

Nl— Mnl— N2— C14 -50.5 (3) 

N3— Mnl— N2— C14 132.3 (3) 

01W— Mnl— N2— C18 51.0(2) 

02W— Mnl— N2— C18 -126.7(2) 

Nl— Mnl— N2— C18 140.6 (2) 

N3— Mnl— N2— C18 -36.6(2) 

C30— C31— N3— C27 2.9 (5) 

C30— C31— N3— Mnl -167.8(3) 

C28— C27— N3— C31 -2.1 (5) 

C28— C27— N3— Mnl 168.6 (3) 

01 W— Mnl— N3— C31 39.2(3) 

02W— Mnl— N3— C31 -147.4(3) 

N2— Mnl— N3— C31 127.5 (3) 

N4— Mnl— N3— C31 -55.4(3) 

01W— Mnl— N3— C27 -131.1 (3) 

02W— Mnl— N3— C27 42.3 (3) 

N2— Mnl— N3— C27 -42.8 (3) 

N4— Mnl— N3— C27 134.2 (3) 

C43— C44— N4— C40 -0.3 (5) 

C43— C44— N4— Mnl -177.0(3) 

C41— C40— N4— C44 -0.4 (5) 

C41— C40— N4— Mnl 176.4 (3) 

01W— Mnl— N4— C44 47.2 (3) 

02W— Mnl— N4— C44 -135.1 (3) 

Nl— Mnl— N4— C44 -42.4 (3) 

N3— Mnl— N4— C44 134.8 (3) 

01W— Mnl— N4— C40 -129.3 (3) 

02W— Mnl— N4— C40 48.3 (3) 

N2— Mn 1 — N4— C40 3 1 (2) 

N3— Mnl— N4— C40 -41.8(3) 

CIO— Cll— N5— C12 -3.3(7) 

C13— C12— N5— Cll 2.1 (6) 

C26— C25— N6— C24 -2.2 (6) 

C23— C24— N6— C25 0.8 (6) 

C39— C38— N7— C37 0.0 (6) 

C36— C37— N7— C38 -0.6 (6) 

C52— C51— N8— C50 0.2 (6) 

C49— C50— N8— C51 -1.3(6) 

H-A D—A D—H-A 

1.86 2.753 (4) 162. 
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03W— H3W-N5 11 


0.88 


1.87 


2.738 (4) 


167. 


02W— H2WA-03W m 


0.85 


1.88 


2.723 (3) 


178. 


02W— H2W-N7 iv 


0.86 


1.98 


2.844 (4) 


174. 


OIW— H1W-N6 V 


0.81 


2.08 


2.824 (4) 


153. 


04W— H4W-04 


0.85 


2.22 


2.975 (9) 


147. 


OIW— H1WA-03W 


0.80 


1.91 


2.684 (3) 


163. 


04W— H4WA-06 


0.85 


2.43 


3.035 (14) 


129. 


C23— H23 -04 iv 


0.93 


2.53 


3.379 (6) 


152. 


C28— H28-05 vi 


0.93 


2.43 


3.255 (11) 


148. 


C39— H39-08 


0.93 


2.52 


3.214 (9) 


132. 



Symmetry codes: (i) x-1/2, -y+3/2, -z; (ii) x+1/2, -y+3/2, -z; (iii) -x+1/2, y+l/2, z; (iv) -x+l,y+l/2, -z+1/2; (v) -x+1, >>-l/2, -z+1/2; 
(vi)-x+3/2,y+l/2,z. 
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